Abstract. Acute-on-chronic liver failure (ACLF) is a syndrome with a high rate of short-term mortality, and clinically it is important to identify patients at high risk of mortality. The present study evaluated the value of osteopontin (OPN) in the prediction of 90-day mortality in patients with ACLF. A total of 54 patients with HBV-associated ACLF were enrolled, and serum OPN levels were determined in a prospective, observational study design. Survival analysis was performed using Kaplan-Meier curves, and multivariate Cox proportional hazards regression was used to analyze independent risk factors of mortality. Serum OPN was significantly higher in HBV-ACLF patients compared with patients with chronic hepatitis B and healthy controls (both P<0.01), and furthermore, was higher in those patients who succumbed to HBV-ACLF compared with surviving patients (P<0.05). OPN level positively correlated with total bilirubin (r=0.554, P<0.001), Model for End-Stage Liver Disease (MELD) score (r=0.234, P=0.038), MELD-Na score (r=0.379, P=0.005) and monocyte count (r=0.282, P=0.039), and OPN was an independent risk factor for 90-day mortality in ACLF (P=0.021, odds ratio=1.104, 95% confidence interval: 1.003-1.116). Furthermore, ACLF patients were stratified into three groups according to serum OPN levels (low mortality risk: <6,135 ng/ml; intermediate risk: 6,135-9,043 ng/ml; and high risk: >9,043 ng/ml), for which the 90-day mortality rates were 27.78 (5/18), 52.94 (9/17) and 73.68% (14/19), respectively, and those in the high risk had a poorer prognosis compared with the low risk group (P=0.009). In conclusion, serum OPN may be an independent risk factor associated with HBV-ACLF prognosis.
Introduction
Hepatitis B virus (HBV)-associated acute-on-chronic liver failure (ACLF), characterized by acute exacerbation of chronic hepatitis B (CHB) or liver cirrhosis (LC), is associated with a high rate of short-term mortality (1) (2) (3) . Thus, it is important to stratify the patients with poor prognosis and determine the degree of emergency for liver transplantation. Although a number of scoring systems, including the Model for End-Stage Liver Disease (MELD) (4) and MELD-Na (5) schema, are generally used for evaluating patients with HBV-ACLF, they have limited accuracy in predicting prognosis, and there is currently no effective model for predicting the prognosis of patients with ACLF (1) .
Osteopontin (OPN), a secreted phosphorylated glycoprotein, may participate in the progression of liver injury by promoting the inflammatory response that induces macrophage and neutrophil activation and migration (6, 7) . A number of studies have suggested that OPN may serve as a biomarker of severe fibrosis and portal hypertension during Schistosomiasis mansoni (8) and chronic viral hepatitis (9, 10) . Nevertheless, in mice models of liver injury induced by diethylnitrosamine or ischemia/reperfusion, OPN exerted a protective effect by ameliorating the production of IL-6 and TNF-α in macrophages and inhibiting inflammation (11, 12) . Furthermore, OPN may serve a key role in the expansion of hepatic progenitor cells (HPC) and in promoting liver regeneration during liver cancer (13, 14) and acute liver failure (15, 16) .
Thus, as an acute phase protein, OPN may serve critical roles in the inflammatory response and liver regeneration, though is considered to exert detrimental effect in liver injury. In addition, Arai et al (17) demonstrated that OPN was expressed in inflammatory cells, hepatocytes and bile ductular structures in patients with fulminant liver failure. However, the role of OPN in ACLF is yet to be elucidated. Therefore, the current prospective, observational study aimed to evaluate the value of OPN in the prediction of 90-day mortality in patients with ACLF.
Materials and methods
Patients and primary endpoint. Patients with HBV-ACLF (n=54) or CHB (n=81) were enrolled prospectively from January 2015 to June 2017 at the Department of Liver Diseases of the Third People's Hospital of Changzhou (Changzhou, China). Additionally, a total of 20 healthy individuals without HBV infection were recruited as healthy controls (HC). The demographic characteristics of all enrolled subjects are listed in Table I . The diagnosis of ACLF was based on previously described criteria (18) , as follows: Acute hepatic insult manifested as jaundice (serum bilirubin ≥5 mg/dl or 85 µmol/l) and coagulopathy [international normalized ratio (INR) >1.5 or prothrombin activity <40%], complicated within 4 weeks by ascites and/or encephalopathy in a patient with CHB. CHB was diagnosed according to the Chinese guidelines for the prevention and treatment of CHB (2015 version) (19) . Patients with autoimmune diseases, immunodeficiency disorders, alcoholic liver disease, liver cancer, drug-induced liver diseases, blood diseases or co-infection with other hepatitis viruses were excluded. Blood samples (5 ml) were collected at the time of diagnosis of HBV-ACLF or CHB, centrifuged at 1,000 x g for 10 min, and preserved at -80˚C. Biochemical parameters were measured using an automatic analyzer (Hitachi 7600; Hitachi, Ltd., Tokyo, Japan) and coagulation parameters were determined using an STA Compact Max ® analyzer (Diagnostica Stago, Inc., Parsippany, NJ, USA). Demographic and clinical data including sex, age, alanine transaminase (ALT), aspartate transaminase (AST), total bilirubin (TBil), creatinine, INR, serum HBV DNA, HBV serological markers, α-fetoprotein (AFP) and blood cell counts were collected within the first 24 h after the diagnosis of HBV-ACLF. The end-point of the study was 90-day mortality or survival following the established diagnosis of ACLF.
The present study was anonymous, and the protocol was approved by the Ethics Committee of the Third People's Hospital of Changzhou according to the Declaration of Helsinki 2013. Written informed consent was obtained from all participants prior to the study.
ELISA. The serum concentrations of OPN were measured using a commercial ELISA kit (R&D Systems, Inc., Minneapolis, MN, USA) according to the manufacturer's instructions. In brief, 50 µl diluted (1:100) serum samples were added to the ELISA plates pre-coated with a captured OPN antibody, absorbance was measured at 450 nm using an ELISA plate reader (Synergy HT; BioTek Instruments, Inc., Winooski, VT, USA), and a duplicate assay was performed; consequently, a standard curve was generated.
Score systems. MELD (4) and MELD-Na (5) scores were calculated using the formulas described previously, as follows: MELD = 11.2 x ln(INR) + 9.6 x ln [creatinine(mg/dl)] + 3.8 x ln[total bilirubin (TBil, mg/dl)] + 6.4; MELD-Na = MELD + 1.59 x (135-Na+).
Statistical analysis. All data were analyzed using SPSS v17.0 (SPSS, Inc., Chicago, IL, USA). Continuous variables were expressed as the mean ± standard deviation, and categorical values were expressed as frequencies. The differences in variables were analyzed using Student's t-test or one-way analysis of variance with Fisher's least significant difference post-hoc test (for normally distributed data), to determine the significance between the groups. The comparisons of frequencies were performed using the χ 2 test. Pearson correlation analysis was used to evaluate correlations between OPN and other clinical indicators. Survival analysis was performed with Kaplan-Meier curves. Multivariate Cox proportional hazards regression was employed to analyze the independent risk factors of mortality. The optimal cut-off value of OPN and its sensitivity, specificity and positive and negative prediction values were predicted using SPSS Modeler 14.2 software (IBM Corp., Armonk, NY, USA). A two-sided P<0.05 was considered to indicate a statistically significant difference.
Results

Characteristics of patients.
The selection process and outcomes of the patients under study is illustrated in Fig. 1 . A total of 54 patients with ACLF, who fulfilled the diagnostic criteria, were recruited prospectively. All of these patients received antiviral therapy at admission due to the positive HBV DNA level (>500 IU/ml). The demographic and clinical characteristics of all subjects in the ACLF, CHB and HC groups are listed in Table I . Patients with HBV-ACLF had elevated ALT, AST, TBil, creatinine and white blood cell (WBC) count compared with the CHB and HC groups (P<0.05). Notably, serum OPN level in the ACLF group was significantly higher than that in the CHB and HC groups (both P<0.01; Fig. 2A) . Furthermore, serum OPN in patients with CHB was elevated compared with that in the HC group (P<0.01). Subsequently, the ACLF patients were divided into cirrhotic and non-cirrhotic subgroups based on ultrasonography at admission, and no significant difference was identified in the OPN levels between the two subgroups (P=0.973; data not shown).
OPN in surviving and non-surviving patients with ACLF.
Among the 54 patients with ACLF, 26 patients survived. No significant differences were observed in age, gender ratio or LC ratio between the surviving and non-surviving groups.
Significant differences were identified regarding TBil, INR, lymphocytes, platelet count, MELD, and MELD-Na score (Table II) . Notably, OPN level in the non-surviving group was significantly higher than that in the surviving group (P<0.05; Fig. 2B (A) Serum OPN in the ACLF group was significantly higher than that in the CHB and HC groups. (B) OPN in the non-survivor group was significantly higher when compared with the surviving patients. (C) Kaplan-Meier survival curves based on serum OPN to assess predictive value for 90-day mortality. The 90-day mortality rates were 27.78 (5/18), 52.94 (9/17) and 73.68% (14/19) for the low (OPN<6,135 ng/ml), intermediate (6,135-9,043 ng/ml) and high (>9,043 ng/ml) mortality risk groups, respectively, and those in the high risk group had a poorer prognosis compared with the low risk group (P=0.009). The ACLF patients were stratified into three groups according to serum OPN levels (low mortality risk: <6,135 ng/ml; intermediate risk: 6,135-9,043 ng/ml; and high risk: >9,043 ng/ml), predicted using SPSS Modeler 14.2 software. For the low, intermediate and high risk groups, the 90-day mortality rate was 27.78 (5/18), 52.94 (9/17) and 73.68% (14/19), respectively, and those in the high risk group had a poorer prognosis compared with the low risk group (P=0.009; Fig. 2C ). With an optimal cut-off value of 9,043 ng/ml, OPN achieved 50.00% sensitivity, 80.77% specificity, 73.68% positive prediction value and 60.00% negative predictive value regarding prediction of high mortality risk.
Correlations between OPN and liver injury indicators. TBil, INR, MELD and MELD-Na scores were indicated as markers of liver injury severity in ACLF patients (Table II) ; thus, the correlations of OPN with these indicators were determined. Serum OPN level was positively correlated with serum TBil (r=0.554, P<0.001; Fig. 3A ), though not with plasma INR value (Fig. 3B) . A significant positive correlation was observed between OPN and MELD score (r=0.234, P=0.038; Fig. 3C ), as well as MELD-Na score (r=0.379, P=0.005; Fig. 3D ). Although OPN was not associated with WBC count (Fig. 3E) , it was positively correlated with monocyte count in peripheral blood (r=0.282, P=0.039; Fig. 3F ). AFP level and neutrophil, lymphocyte and platelet counts were not significantly correlated with OPN (data not shown).
Discussion
In the present study, it was demonstrated that OPN was significantly higher in HBV-ACLF patients, particularly in those who succumbed to mortality. Additionally, OPN was positively correlated with TBil level, MELD and MELD-Na score, and was implicated as an independent risk factor for prognosis of ACLF. Furthermore, OPN >9,043 ng/ml predicted a poor prognosis.
As described previously, ACLF is a syndrome associated with a high rate of short-term mortality, and patients are typically diagnosed at a late stage when effective treatments are not applicable except for liver transplantation (1, 3) . Considering the high mortality rate, it is important to identify those at high risk of mortality and refer these patients for liver transplantation. While evaluation of ACLF patients is recommended, the procedure is not optimal, owing to inadequate criteria. Recently, Graupera et al (20) reported that OPN levels were associated with the 3-month probability of readmission in patients with liver cirrhosis; thus, the current study hypothesized and validated that OPN may be associated with the exacerbation of CHB or LC. Serum OPN level was higher in ACLF patients, and was positively correlated with MELD and MELD-Na scores. According to the survival analysis, ACLF patients with high OPN level (>9,043 ng/ml) should be referred for liver transplantation at the earliest possible time, due to the high 90-day mortality rate. Collectively, these results suggested that OPN and MELD were complementary for the prediction of prognosis in ACLF patients.
OPN is involved in cell migration and inflammatory signaling, and previous studies have demonstrated that OPN was associated with hepatic inflammation and invasiveness in hepatocellular carcinoma (HCC) (8, 9, 21) . In line with these experimental observations, an association of circulating OPN levels and HCC incidence has previously been demonstrated in a population cohort of more than 520,000 subjects from ten Western European countries (21) . As cell proliferation is among the key mechanisms in HCC and liver repair (8, (22) (23) (24) , high levels of OPN may suggest tumor progression or liver regeneration. However, the present study demonstrated that high levels of OPN predicted poor prognosis in ACLF. Therefore, it would be premature to conclude that OPN is protective or beneficial to liver regeneration in ACLF patients.
Furthermore, Urtasun et al (25) demonstrated that OPN was expressed by hepatic stellate cells (HSCs), and upregulated collagen I production in oxidant stress, ultimately leading to fibrogenesis. Wang et al (26) identified a role of OPN in HPC activation, and demonstrated that HPC-driven ductular reaction was a critical mechanism underlying the progression of liver fibrosis. Another study demonstrated that OPN neutralization suppressed liver fibrosis in mice (27) . As a compensatory mechanism of liver injury repair, liver fibrosis is exacerbated in ACLF (27, 28) ; thus, OPN may be a potential therapeutic target during ACLF development. Additionally, Coombes et al (27) indicated a role of OPN in HPC expansion and OPN deficiency, which reduced the response of HPCs, thereby affecting the proliferation ability of hepatocytes. However, downregulation of OPN may inhibit liver regeneration, which is critical for the recovery of liver failure. Thus, further studies are required to identify the role of OPN in experimental models of liver failure.
Previous studies have demonstrated that two forms of OPN coexist: An intracellular form (iOPN) and a secreted form (sOPN) (15, 29, 30) . Although sOPN was measured in the present study, further studies are imperative to investigate the role of iOPN in lymphocytes and dendritic cells. Furthermore, as sOPN may be produced by many cell types, including hepatocytes, cholangiocytes, HSCs, macrophages, T lymphocytes and natural killer T cells, identifying the primary sources of OPN in liver failure is challenging (6, 28, 31) . In the present study, Pearson's correlation analysis indicated that OPN levels were not associated with WBC or lymphocyte count; however, a positive correlation was established with monocyte count in the peripheral blood. This result suggests that monocytes may contribute to the production of sOPN in ACLF patients. Thus, immunohistochemistry may be useful for investigating the role iOPN and the origin of sOPN in future studies.
Nonetheless, the present study had several limitations. First, although OPN was associated with prognosis in ACLF, the mechanisms underlying the role of OPN were not investigated. Second, the dynamic changes in serum OPN should be determined during the progression of ACLF, along with an evaluation of long-term prognostic value. Finally, multicenter studies are also required for confirmation of the current findings.
In conclusion, serum OPN was significantly higher in patients with ACLF and correlated with indicators of liver injury. Additionally, it was an independent risk factor associated with prognosis. Collectively the present findings suggest that OPN may be a predictor of prognosis in patients with HBV-ACLF.
